Introduction
Cardiac valve disease is basically an abnormal heart valve structure caused by rheumatic fever, which leads to a disorder of cardiac hemodynamics and impairs the quality of life of affected patients as well as posing a threat to their lives (1) (2) (3) . Artificial cardiac valve replacement has effectively improved the life quality of patients and has an important role in the treatment of advanced cardiac valve disease (4). Chikwe et al (5) determined, in a long-term follow-up study, that the mean follow-up time was 10.8 years, and the 15-year survival rate following biological and mechanical valve replacement was as high as 57.5 and 59.9%, respectively. An estimated 100,000 patients worldwide undergo cardiac valve replacement due to diseases including rheumatic heart valves and degenerative valves (6) . However, patients are required to adhere to anti-coagulant therapy after replacement.
Warfarin effectively inhibits the synthesis of vitamin K cyclase, which is the most commonly used as anti-coagulant drug for patients after cardiac valve replacement (7, 8) . A study has indicated that after treatment with warfarin, the synthesis of coagulation factors was effectively inhibited by >40% (9) . However, excessive or insufficient anti-coagulant effects may cause severe clinical symptoms. The prothrombin time (PT) and international normalized ratio (INR) as preferable clinical indicators of anti-coagulant effects are able to reflect the degree of blood agglutination in patients, providing a basis for clinicians to propose treatment plans for patients. However, the dosage of warfarin and the optimal INR value after cardiac valve replacement in the elderly patients have remained elusive, which was therefore investigated in the present study.
Materials and methods
Patients. In the present study, 213 patients who received anti-coagulation treatment with warfarin after cardiac valve replacement at Linyi Central Hospital (Linyi, China) between January 2010 and May 2013 and met the inclusion criteria were selected as research subjects and retrospectively analyzed. Of these patients, 70 were males and 143 were females with an age ranging from 57 to 73 years and a mean age of 65.7±6.4 years. The cohort included 187 patients with rheumatic heart disease, 13 with infective endocarditis and 13 with congenital cardiomyopathy. Pre-operative color Doppler ultrasound was used to classify cardiac function.
The inclusion criteria were as follows: Course of disease, ≥6 months; no drug therapy, radiotherapy or chemotherapy within 3 months; the complete clinical information was available; and the warfarin anti-coagulation and monitoring strategy were in line with the conventional requirements (10) . The exclusion criteria were as follows: Autism, or a memory or hearing impairment; patients with a respiratory system disease, liver or kidney dysfunction, or diabetes; a blood transfusion was not performed 1 month prior to admission; an inherited genetic disease; allergy to warfarin.
Warfarin anti-coagulant and monitoring routine were as follows: Warfarin was applied for anti-coagulant treatment at 48 h after surgery. The initial dosage was 3-5 mg/day. After 24 h, 3-5 ml peripheral blood was collected in an EDTA anti-coagulant tube and sent to the laboratory for PT and INR detection. The dosage of warfarin was adjusted according to the PT/INR index (10) . Within the first two weeks after the surgery, PT and INR were examined daily. After the patient's index was stable, monitoring was reduced to once a week and then to once a month after discharge. The frequency of monitoring was determined according to the patient's condition. Patients' complications and adverse reactions, as well as PT and INR values were recorded by querying patients' electronic medical records.
Extraction of patient information. The clinical data of the patients were extracted from the database, including gender, age, type of surgery, body mass index, education level, smoking and drinking habits, and area of residence. Baseline laboratory parameters included white blood cell count (µg/l), platelets (µg/l), cardiac troponin I (µg/l), creatine kinase (CK, µg/l), CK-muscle/brain (MB; µg/l), lactate dehydrogenase (µg/l), hydroxybutyrate dehydrogenase (µg/l), C-reactive protein (mg/l) and aspartate transaminase (µg/l). Changes in INR and PT, the adjustment of the dosage of warfarin and end-of-follow-up events (bleeding, embolism and associated intervention measures), as well as the above indexes were extracted from the hospital's electronic medical record system and the outpatient electronic system.
Grouping. Patients were grouped according to warfarin-associated adverse reactions: The normal group comprised patients with no symptoms and complications, while those with hemorrhage, including hematuria, epistaxis and gastrointestinal hemorrhage, were assigned to the hemorrhage group and those with embolism-associated symptoms, including cerebral infarction and lower limb arterial infarction, were assigned to the embolism group.
Observation indexes. The primary observation indexes of the present study were the differences in PT, INR and warfarin dosage among the normal, hemorrhage and embolism groups. This data was normally distributed, thus the 95% confidence interval was calculated to evaluate the safety range of PT and INR in elderly patients of the normal group.
Statistical analysis. SPSS version 20.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis of all of the data collected in the present study. The measurement data were expressed as the mean ± standard deviation. One-way analysis of variance was used for comparison among multiple groups, followed by the least-significant differences test for comparison between pairs of groups. The count data were expressed as n (%) and compared between groups using the chi-squared test. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics. Significant differences in the cTnI levels were identified among the three groups, of which the embolism group was significantly greater than the hemorrhage and the normal groups; no significant difference was identified between the hemorrhage group and the normal group. No significant differences were identified in other indicators (Table I) .
Adverse events. All of the 213 patients were followed up after cardiac valve replacement. A total of 31 patients (14.6%) experienced adverse reactions and complications, including 21 patients (9.9%) with hemorrhage, 10 patients (4.7%) with embolism, while the remaining 182 patients (85.4%) had no hemorrhage or embolism (Table II) . 
Comparison of warfarin dosage

Discussion
Cardiac valve replacement is one of the most effective methods for the treatment of mid-to late-stage cardiac valvular diseases. Over the past half century, the number of patients receiving cardiac valve replacement was estimated to be 100,000 per annum worldwide. In China, the cardiac valve replacements account for 30% of those performed worldwide (11) . Rheumatic heart disease is one of the most common types of heart disease, the major causative factor of which is the valve damage caused by inflammation, which leads to problems in the process of transfusion of blood in the patient's heart, including ventricular hypertrophy and dyspnea, while the severe form of the disease may pose a threat to the life of affected patients (12, 13) . However, the replacement of a cardiac valve is not completely risk-free, and its biggest drawback is that patients require long-term or permanent use of blood anti-coagulants to prevent the occurrence of thromboembolism.
Warfarin as the most widely used clinical anti-coagulant drug, with the mechanism of action being the impairment of the blood coagulation system by inhibiting coagulation factors (including types II, VII, IX and X) synthesized by vitamin K in the liver. Due to its relatively low cost compared with that of other drugs, its use may reduce the economic burden of patients (14, 15) . However, the level of warfarin required to achieve a pharmaceutical effect is close to the toxic dose, and ethnic and regional differences with this regard are huge, which requires strict control of the dosage of this drug. In addition, insufficient blood coagulation, thromboembolism and excessive bleeding are likely to occur. Therefore, patients need to be monitored closely for a long time to determine if their condition is stable. At present, patients undergoing cardiac valve replacement are mainly assessed using their PT and INR values as indicators. PT is a very important index reflecting liver synthesis function, reserve function, lesion severity and prognosis (16) . INR refers to the ratio of the patient's prothrombin time to the normal prothrombin time, which is an important criterion for judging the dosage of oral anticoagulant drugs (17) .
In the present study, the PT and INR were measured in 213 patients who received cardiac valve replacement and subsequently took warfarin. Post-operative adverse events and complications occurring during the follow-up of the patients were recorded and statistically analyzed. It was identified that the percentage of patients with adverse events of hemorrhage was as high as 9.9%, which was slightly higher than the domestic statistics of 0.8-9.2% (18) . This may be because it is difficult to achieve proper anticoagulant strength with self-medication because, as demonstrated by Jiang et al (19) , the majority of patients undergoing heart valve replacements are elderly, possess a low educational level and lack of professional knowledge. While PT detection may exhibit differences in different laboratories, leading to a lack of comparability, INR is able to effectively and accurately determine the anti-coagulant effect in patients. At present, there is a certain controversy regarding the normal Values are expressed as n (%) or the mean ± standard deviation. BMI, body mass index; WBC, white blood count; PLT, platelets; cTnI, cardiac troponin I; CK, creatine kinase; MB, muscle/brain; LDH, lactate dehydrogenase; HBDH, hydroxybutyrate dehydrogenase; CRP, C-reactive protein; AST, aspartate transaminase.
range of INR after cardiac valve replacement. It has been reported that the coagulation function in the Japanese population is lower than that in western countries, and Japanese patients are more likely to have hemorrhage symptoms (20) . The PT and INR analyses performed on 213 patients using warfarin found that the PT (19.4±3.1 sec) and the INR (1.9±0.6) in the normal group were basically consistent with those reported in domestic studies (21) (22) (23) . In recent years, an increasing number of anti-coagulant drugs have been gradually promoted, which have a fast onset and long-lasting effect compared with that of warfarin. However, the time to market for such drugs is relatively short, their price is relatively high compared with that of warfarin, and large-scale controlled trials to verify their efficacy and safety are currently lacking. Therefore, the safety and applicability of these drugs requires further confirmation (24-26). Of note, the present study had certain shortcomings, including the small number of subjects. This may be the reason for the larger INR standard deviations. Secondly, the ideal range of INR was not predicted. Therefore, the number of samples will be increased and an ideal INR range may be determined in future studies, so as to verify the results of the current study.
In conclusion, INR-guided warfarin anti-coagulation treatment is recommended to ensure the safety of elderly patients after cardiac valve replacement, but a reasonable target range of the INR still requires further investigation.
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